Background. Although outpatient parenteral antimicrobial therapy (OPAT) is generally considered safe, patients are at risk for complications and thus require close monitoring. The purpose of this study is to determine how OPAT programs are structured and how United States-based infectious diseases (ID) physicians perceive barriers to safe OPAT care.
Outpatient parenteral antimicrobial therapy (OPAT) is a convenient approach for delivering parenteral antibiotics outside the hospital setting [1, 2] . OPAT shortens hospital stays, decreases health care expenditures, and increases patient satisfaction [3] [4] [5] . OPAT is effective and generally considered safe [6] but requires close monitoring for therapy-related complications and treatment failure [7, 8] . The standard of care for monitoring patients receiving OPAT includes clinical follow-up and at least weekly monitoring of clinical laboratory results [9] . OPAT monitoring programs designed to ensure safe and effective care are labor-intensive [10] . A 2013 survey of infectious diseases (ID) physicians queried through Centers for Disease Control and Prevention (CDC)-sponsored Emerging Infections Network (EIN) reported that only one-quarter of respondents had a dedicated OPAT program. Those ID physicians reported that the lack of a dedicated OPAT team, the large number of locations in which patients received OPAT, insufficient communication between health care workers, and a large volume of laboratory results were the most common barriers to the safe delivery of OPAT [10] . In another national survey of ID physicians administering OPAT, systemic laboratory test result tracking, communication between inpatient and outpatient providers, and adherence to clinic visits were more likely to occur in practices with a formal OPAT program [11] . In an era where OPAT may be rapidly expanding due to increasing pressure to decrease length of stay and decrease costs, we surveyed ID physicians in the EIN to better clarify how OPAT patients are managed and to identify barriers to the safe care of OPAT patients.
METHODS

Instrument
We developed a survey instrument in collaboration with ID physicians and EIN staff, with technical assistance from the CDC. The instrument contained 10 multiple choice or Likertstyle items and 1 free-text item allowing respondents to provide additional comments. The survey was piloted with a group of content experts, and questions were modified based on their feedback. The survey focused on the respondents' role with OPAT, location where OPAT is received, providers responsible for managing OPAT, time devoted to OPAT, institutional support given to OPAT, and barriers to safe OPAT care (Appendix Table 1 ).
Study Population and Distribution
The EIN is a CDC-supported volunteer-based group of practicing ID physician members of the Infectious Diseases Society of America (IDSA). Approximately 20% of ID physicians in clinical practice in the United States are members of the EIN [12] . The EIN was established as a provider-based emerging infections surveillance network that communicates regularly about emerging infectious diseases and related phenomena. EIN members also volunteer to complete surveys. Baseline geographic and practice characteristics for EIN members are maintained in a database and updated regularly.
EIN members were sent the confidential survey by email link or by facsimile and could complete the survey between November 14, 2018, and December 17, 2018. Nonresponders were given 2 reminders after the initial request to complete the survey. Similar to previous EIN surveys, the response rate was calculated from EIN members who had ever responded to a survey [12] .
Participants who reported having a role with OPAT were eligible to answer the survey. Participants were asked to comment on OPAT as it occurs at the primary hospital where they work.
Data Analysis
Categorical data were presented using frequencies. For categorical variables, the chi-square test or analysis of variance (ANOVA) was performed as applicable. We were interested in what resources might be available to ID physicians with different employment structures (ie, working in a military or Veterans Administration facility, employed by a hospital or clinic, working in a private or group practice, or working in an academic medical center). Differences were considered statistically significant if P < .05.
To assess for the possibility of nonresponse bias, we compared geographic and practice characteristics between respondents and nonrespondents.
All quantitative analyses were performed using SAS 9.4 software (Cary, NC).
We also analyzed qualitative data. Participants were asked to respond to the item "additional comments about OPAT and related safety issues" with free-text responses. Two authors (Y.H., S.K.) systematically read the responses and derived codes. They reached agreement on classification of the responses.
Percentages of respondents answering the item and illustrative quotes are presented.
RESULTS
Of 1353 active EIN physician members with an adult ID practice, 672 (50%) responded to the survey. Respondents were more likely than nonrespondents to have >25 years of experience (30% vs 22%; P < .01). Respondents were more likely than nonrespondents to be employed at a Veterans Affairs facility and less likely to be employed at a medical school (6.1% vs 4.4% and 32.6% vs 35.1%, respectively; P = .03). No significant differences were identified in regional distribution, primary hospital type, hospital size, or percentage of respondents who were fellows-in-training (Supplementary Table 1 ). One hundred sixty-five members (25%) did not have any role in managing OPAT patients and were excluded, leaving 507 respondents to answer the survey questions.
Two hundred eighteen (43%) respondents had recommended OPAT as an inpatient consultant, whereas 410 (81%) had seen OPAT patients in clinic after hospital discharge ( Table  1 ). Only 37% of respondents (n = 186) reported that ID consultation was mandated in their hospital before discharging patients on OPAT. However, the majority of respondents (n = 344, 68%) reported that >75% of patients discharged on intravenous antibiotics were managed by ID as outpatients. Outpatient and inpatient ID physicians were most frequently identified as being responsible for monitoring laboratory results (73% and 54% of respondents, respectively). A minority of respondents (n = 182, 36%) used a dedicated OPAT program or service to monitor patients. The majority of respondents felt that the rate of complications did not change (n = 191, 37%) or decreased (n = 165, 33%) over the past 5 years.
Receipt of OPAT at home with assistance of home health or home infusion agencies was the most common OPAT delivery method, followed by receipt of OPAT at post-acute care facilities (skilled nursing facilities, subacute or acute rehabilitation facilities, and long-term acute care facilities) ( Figure 1 ). Interestingly, 32% of respondents rated an infusion center as the most or second most common OPAT delivery method in their practice (n = 147), and 30% of respondents rated home without assistance from home infusion or home health as the most or second most common OPAT delivery method in their practice (n = 127). Most respondents (n = 314, 62%) indicated that ID physicians spent at least 4 hours per week on OPAT ( Figure 2 ). Many respondents also noted that nurses spent at least 4 hours per week on OPAT (n = 220, 51%).
Respondents described the adequacy of support for OPAT. Most respondents (n = 283, 64.6%) felt that OPAT services are not well supported financially. Most participants felt that administrative support levels (n = 263, 59.8%), information technology support levels (n = 284, 66.2%), and data support levels (n = 330, 80.2%) were not adequate for the care of OPAT patients. These perceptions did not vary across employment structures (data not shown).
Barriers to safe OPAT care reported as challenging or very challenging by over half of respondents included laboratory results not returning in a timely fashion (n = 292, 58.5%), leadership not valuing OPAT (n = 293, 58.4%), and struggles communicating with OPAT providers (eg, post-acute care facilities and infusion centers; n = 273, 54.4%) ( Table 2 ). In addition, many respondents noted that barriers including failure to follow up with infectious diseases (n = 241, 47.9%), volume of laboratory results to review (n = 241, 47.8%), lack of clinicians reviewing laboratory test results (n = 228, 45.2%), and difficulty using the electronic medical record system (n = 219, 43.5%) were challenging or very challenging. There were no statistically significant differences among perceptions of barriers when respondents were compared among different employment settings (data not shown).
Free-text comments were received from 85 participants ( Table 3 ). Common themes included poor communication between outpatient ID providers and those delivering OPAT (eg, post-acute care facilities, hemodialysis centers, etc.) and poor communication between inpatient and outpatient OPAT providers at the time of hospital discharge (n = 32, 37.6%), lack of financial support (n = 20, 23.5%), inadequate care coordination especially regarding obtaining laboratory test results (n = 18, 21.2%), and poor patient selection (n = 18, 21.2%). As one respondent explained, "The value of a formal OPAT service is to an insurer mix, not to the hospital, so it has been a non-starter to ask for the hospital to pay to support a team of OPAT pharmacists that in essence reduces costs to a [third] party. " Some discussed the high-risk nature of OPAT and the need for ID involvement in management; one respondent stated, "The further the process gets from my office, the more dangerous it feels. " However, many still believed OPAT was a necessary part of ID clinical care; one respondent stated, "All ID doc[tors] should have OPAT in the out[patient] practice. "
DISCUSSION
We found that ID physician involvement in OPAT was high, but that ID physicians caring for OPAT patients perceived multiple barriers to safe care. Although ID physicians provided care for the majority of OPAT patients and had primary responsibility for laboratory monitoring, only one-third of respondents used a dedicated OPAT program. Receipt of OPAT at home with assistance from home health nursing remains the most common model for OPAT delivery [10] . The most common barriers to delivering high-quality and safe care for OPAT patients were lack of leadership support for OPAT, lack of timely receipt of laboratory results, and difficulties in communication with post-acute care providers.
As it was first used among children with cystic fibrosis for management of pulmonary infections 4 decades ago [13] , OPAT has been used in multiple settings to treat long-term infections and save the hospitals, payers, and the health care system money [14, 15] . However, the ID physicians who manage these patients perceive that the effort and time spent in OPAT oversight are not well-reimbursed [16] . This heavy burden of uncompensated care shouldered by ID physicians may contribute to the specialty being among the lowest-compensated medical specialties [17] . In our study, managing these patients, tracking and reviewing laboratory test results, managing adverse drug events, monitoring and preventing venous catheter complications, and monitoring the underlying infection took ID physicians of respondents stated that a barrier to safe OPAT provision was a lack of hospital leadership awareness of the value of OPAT. This lack of leadership awareness may contribute to a perceived lack of support. These barriers were similar no matter the type of hospital the ID physician worked in or the type of employment structure. Meanwhile, the lack of hospital leadership awareness of the value of OPAT may explain why only 36% of respondents had dedicated OPAT programs. This is an increase over the 26% of EIN survey respondents who reported having a dedicated OPAT team in 2013 but is still only a minority of respondents [10] . The presence of a formal OPAT program has been associated with implementation of safer OPAT practices such as systematic laboratory test result tracking and ensuring patient adherence to clinic visits [11] . A structured OPAT program and formal OPAT care team have recently been reported as among the most important quality indicators in OPAT care [18] . Recognition of the value of OPAT by hospital leadership may aid further dissemination of dedicated OPAT programs and result in improvements in the quality of OPAT care.
More than one-third (37%) of respondents reported mandatory ID consultation before OPAT. Although this is somewhat higher than the 22% of respondents who reported mandatory ID consultation before OPAT in a 2013 survey [10] , this is still a minority of respondents. Researchers have shown that mandatory ID consultation before OPAT prescription promotes antimicrobial stewardship by identifying patients who can be narrowed or switched to oral agents [19] . In fact, ID-led OPAT improves outcomes compared with OPAT not led by ID physicians, with decreased rates of emergency department visits and hospitalizations and decreased health care expenditures [20] . Where possible, more hospitals may consider requiring ID consultation before OPAT prescription. In addition, it is possible that some hospitals lack ID capacity to staff all OPAT patients before discharge. In the absence of adequate ID capacity for mandatory in-person consultation, formal remote ID evaluation via telemedicine, brief case review, or other innovations could improve antimicrobial stewardship and quality of care. However, despite the low proportion of respondents who described mandatory ID consultation for OPAT patients, our ID respondents still reported caring for the vast majority of patients on OPAT.
In this survey, a newer form of OPAT delivery, self-OPAT (where the patient or family member would perform all OPAT care at home in the absence of home health assistance but with close follow-up in clinic) was used by some respondents [9] . Self-OPAT, a novel form of OPAT delivery, has been associated with similar or better outcomes (readmission or mortality within 30 days of hospital discharge) when compared with other OPAT models [21] .
Respondents identified challenges related to communicating with other OPAT providers to be a significant barrier to safe care. Specifically, respondents in our survey described difficulty communicating with health care workers at the post-acute care facilities and unclear ownership of patients. Receiving OPAT at post-acute care facilities has been associated with higher readmission rates and higher risk of venous catheter complications [22, 23] . Implementation of robust OPAT services could serve as an important point of continuity as patients transition across sites of care.
The strengths of this study include the large number of respondents and high response rate (close to 50%). Respondents included 1 in 10 ID physicians in the United States and were representative of ID physicians in the United States, including different regions of the country and different health systems and employment models. However, our study has limitations. Although EIN is representative of US-based ID physicians, it is possible that ID physicians outside the network have different practice patterns. Respondents were more likely to be more experienced physicians, though the difference, while statistically significant, was relatively small. We did not capture experiences of OPAT from non-ID physician perspectives (eg, OPAT that may be prescribed by oncologists or the perspectives of advanced practitioners). In addition, we asked respondents about their experiences with OPAT, which may have been subject to recall bias. However, we feel that our study did capture ID physicians' experiences with providing OPAT. Our study highlighted the high rate of involvement of ID providers in managing OPAT patients both before and after hospital discharge. Lack of support was common across practice settings. Efforts are needed to improve awareness of OPAT value among health care systems leaders and policy makers in order to establish OPAT programs that can help improve patient safety.
Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases online. Consisting of data provided by the authors to benefit the reader, the posted materials are not copyedited and are the sole responsibility of the authors, so questions or comments should be addressed to the corresponding author. "The value of a formal OPAT service is to an insurer mix, not to the hospital, so it has been a non-starter to ask for the hospital to pay to support a team of OPAT pharmacists that in essence reduces costs to a [third] party. "
Inadequate care coordination 18 (21.2) "[There is a] significant delay in getting labs from home health. Our facility employs a [registered nurse] to oversee labs and track them down, but prior to this it was extremely challenging.
[We] often did not get labs at all and many [of our] patients [were] lost to follow-up. "
"We have a very strong OPAT program send about 100-150 people home each month on [intravenous] treatment. [We have a] rare safety issue where a patient may go to a facility that is far out of our 'jurisdiction' and it is not easy to get information or labs, but that is rare. "
"I pay a [nurse practitioner/physician's assistant] to help follow OPAT pts and help me make sure that balls are not dropped. "
Poor patient selection 18 (21. "The further the process gets from my office, the more dangerous it feels. "
Abbreviations: CPK, creatinine phosphokinase; CRP, C-reactive protein; ID, infectious diseases; OPAT, outpatient parenteral antimicrobial therapy.
